19970122  052 


AECD  -  2352 


A  STUDY  OF  THE  lUTEEACTION  OF  EROTOJIB  WITH  TEITITJM 


Hit?  I 


E,  F.  Taschek 
H.  T.  Gittinge 


Los  Alamos  Scientific  Laboratory 


■jpni  If 

imfM  I  Tki»sf  Mil 

hmm  mm 


121949' 


This  document  is  reproduced  as  a  project  report  and 
is  without  editorial  preparation.  The  manuscript  has 
been  submitted  to  The  Physical  Keview  for  possible 
publication. 


Date  of  Jfanuscript 
Date  Declassified: 


August  31^  19^8 
October  22 ^  1948 


Issuance  of  this  document  does  not  constitute 
authority  for  declassification  of  classified 
copies  of  the  same  or  similar  content  and  title 
and  by  the  same  authors o 


Technical  Information  Branchy  Oak  Bidge,  Tennessee 
AEG,  Oak  Bidge^  TenUo,  6*6‘-i4-9-”850-A2550 


i 


^4977 


A  SOTDY.OF  TBE  IMERAGTION  OF  E80T0KS  WITH  THITIUM 


By  Eo  Fo  Taschek  and  Eo  f  <>  Gittings 


ABSTEACT 

Preliminary  meas'urements  of  the  scattering  cross  section  of  tritinm 
for  protons  and  the  reaction  cross  section  for  T3(p^n)He'^  haTe  been  madSo 
A  method  of  analysis  for  hydrogen  in  tritinm  samples  is  describedo  The 
nentron  yield  of  the  reaction  is  high  and  will  make  it  a  useful  source o 
The  threshold  is  sharp  and  can  be  used  as  a  point  on  the  energy  scale  of 
nuclear  physics o  Angular  distributions  for  scattering  and  cross  sections 
for  the  reaction  are  given c 

IHTROBIJCTION 

This  is  a  preliminary  report  on  esiperience  with  the  interaction  of 
protons  and  tritium  for  proton  energies  between  900  kev  and  2o5 
accelerated  by  the  Los  Alamos  electrostatic  generator «  Tritium.” gas  targets 
were  used  (the  particxilar  design  is  reported  elsewhere),  although  this 
target  tos  no  immediate  advantage  for  some  of  the  work  reported  hereo 


GAS  EATOLUG  SYSTEM 

Because  of  the  small  volume  of'  precious  gas  available,  special 
methods  of  handling  it  were  devised «  Figure  1  is  a  schematic 
of  the  tritium  storage  and  handling  system  usedo  Heated  uranium  shavings 
provided  a  completely  satisfactory  method  of  evolving-the  tritium-hydrogen 
mixture,  stored  as  hydride  in  the  cold  uranim  when  not  ih.  useo  Titaniim 
would  probably  have  been  as  satisfactoryo  In  case  of  small  air  or  counter 
argon  leaks  into  the  target,  the  uranium  also  acts  as ' a' 'purifier  for  the 
hydrogen  gases  o  Since  the  total  amount  of  -gas  available  was  fenly  about 
3  cu  cm  at  NT?,  the  mercury  lift  through  the  5^0  ou  cm  bulb  was  used  to 
make  possible  a  complete  transfer  of  gas  at  maximum  efficiency  from  ura* 
nium  pump  to  target  and  vice  versa  <,  A'axlliary  comiectionB  could  be  made 
to  supplies  of  hydrogen  and  deuterium  gas  as  shown  in  the 

To  guard  against  the  possibility  of  breaking  one  of  the  thin  .  ^  . 
aluminum  foils  sealing  the  target  gas  from  accelerating  the  tube  vacuum 
and  thus  losing  it,  the  gas-lmpadance  tube  and  trip  valve  ehown  sehemt-* 
ically  in  Figure  2  were  used  to  connect  the  target  to  the  accelerating 
tubeo  This  device  was  to  work  by  having  the  increase  in  gas  pressure, 
resulting  from  a  broken  foil,  fire  either  an  Ion  gauge  or  a  spark  plug. 
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which  in  turn-  ■wotrMHfcrip'  tbe . Talve'''at'  the  other  end  of  the  tube  before 

an  appreeiabi-e  amount  "of '  the  gaa  escaped  through  the  hlgh-tfflpedance  flow 
tube  o  The  gas  was  then  to  be  recovered  with  the  uraniToi  pump «  Up  to 
the  present  time  this  device  not  had  the  necessity  for  firing  under 
the  ccaiditlong  for  which  it  was  designed » 

AMLYSIS  OF  TRETIDM  SAMPLES  FOB  HTDB06EN 

'  ./'in  order  to  obtain  absolute  cross  sections  for  particle  interactions  ■ 

with  tritium,  It  Is  necessary  to  Imow  the  amount  of  contaminating  hydrogen 
of  the  manufacturing  process)  with  good  accviracy»  Early  methods 
of  a;^|y@i8^-''were  quickly  found  to  be' unreliable,  and'  it , was  decided  that 
45  degree  '’pfoton-proton  scattering  could  be  used  to  determine  the  amount  of 
hydrogeuo  The  follCwing  method  was  used  for  the  analysis;  Tank  hydrogen 
was  first  put  into  the  target  at  about  10  cm  mercury  pressure,  accurately 
measured..  At  a  bombarding  energy  of  "about '2  Mev,  the  45  degree  scattered 
protons  were  countedo  The  shai>e  of  the  pulse-height  distribution  was 
recorded  by  a  10-chamel'  pulse-height  analyser, ^  with  the  Los  Alamos  Model 
100  amplifier  gain  set  so  that  the'  peak  of  the  distribution  fell  in  the 
highest  channels.  Now  leaving "all  variables  unchanged  except  the  gas, 
which  was  replaced  to  about  the  same  pressure  frcan  the  tritium  sample,  a 
second  pulse-height  distributicm" was  recorded  for  the  same  number  of 
misrocoulombs  of  protons  as  in  the  hydrogen  run.  Figure  3  shows  typical 
pulse-height  distributions  for  teink  hydrogen  and  for  the  tritium  sample. 
Smooth  curves  have  been  drawn  throiigh  the  total  counts  in  each  channel  at 
the  channel  center  for  ease  of .  representation.;  For-  the  scattering  from 
the  tritium  sample  a  double  peak 'is . observed,  the  smaller  pulse-height 
group  corresponding  to  protons  scattered  from  tritium,  the  larger  cor¬ 
responding  to  hydrogen  scattered  protons.  In  this  case,  couaier  pressure 
was  set  to  make  the  energy  loss  from  hydrogen- scattered  protme  larger. 

With  no  further  information  than  this,  a  direct  comparison  of  the  number 
of  protons  per  centimeter  of  mercury  target  gas  pressure  under  the  tank 
hydrogep  peak  with  the  number  undfr  the  hydrogen  peak  of  the  tritium 
sample  gives  th®  hydrogen  concentration  in  the  sample,  from  which  the 
tritium  concentratian  is  immediately  obtained.  Concentration  of  tritium 
in  the  san^le-used  here  was  62  '2  per  cent,  obtained  from  three  separate 

analyaes.  To  check  whether,  the -sampling  out  of  the  tritiiam  storage  pump 
was  adequate,  the  first  and  last 'analyses  were  mad©  when  only  the  minimum' 
necessary  gas  was  evolved,  while  the  middle  analysis  was  obtained  from 
gas  taken  out  of  a  ccmplete  evolution  of  the  sample.  Mean  deviation  of 
the  three  analyses  was  about  on©  per  cent. 

Obviously  a  very  good  analysis  would  require  a  paUadim- leaked 
hydrogen  sample  for  a  standard,  birt  'for 'the  inssedlate  needs  this  was  not 
considered  necessary.  ,  As  a  check  on  the  method,  on©  of  the  tank-hydrogen 
runs  was  used  to  calculate  a  value  of  the  proton-proton  scattering  cross 
section  at  45®,  since  this  is  accurately'  known.  Without  attempting  to 
corr'act  for  partial  pressures '.of  contaminating  gases'  in  tahk  hydr'ogen  a 
cross  section  of  0.458  bams  per  unit  solid'  angle  was  obtained  which  s'onpares 
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faYorablj  with  0,472  bams  giyeB,  by  'Herb  and  bis  collaborators^-  tbia 
meas-arement^  in  .addition  to  checking  th.e  adequate  purity  of  the  hydro- 
genj,  is  also  a  check  .on  the  accuracy  of  the  proton  detecting  geometry 
factor  of  .the  proport l-onal  counter  and  indicates  that  measurement  and 
calculation  of  this  factor  is  correct  to  a  few  per  cento. 


Oonsi-derable  experience  during  the  past  year  lias  shora.  that  the 
gaseous  tritium  sample  is  not  stable  in  our  target,  against  chemical 
ezchange  with  hydrogen  in  , stopcock  grease.  Using  cutgassed  Aplezon  .1 
grease^,-  this  is  most  clearly  shewn,  by  a  progress iya  decrease  in  the 
tritiiom  scattered  protons  and  a  corresponding  increase  in  the  hydros* 
scattered  protons 0  The  use  of  a  completely  fluorinated  grease^ did  not 
greatly  help  since  the  tritium  conoe?atration  still  decreased;. .  alt hotigh, 
the  hydrogen  .concentration  .changed  only  slightly It  seems  clear  that 
this  ezchange  phenomenon  is  greatly  ei^^ancUd  by  passage  of  the  beam 
through  the  target^  since  a  sample  left  in  the  target  OTemight  showed 
less  than  half  the  concentration  change  it  would  have  experienced  in 
'the  same  interval  with  a  one  microampere  beam  paBBlng’  through  ito 

P-T  Scattering  Cross  Section 

In  part  a  by-product  of  the  analysis  problem^,  fhree  values  of  the 
scattering  cross  section  of  protons  on  tritium  have  been  obtained  at 
,2o01  Mev  and  an  angular  distribution  of  scattering  between  45*^  and  135^ 
af  16  59  These  values  are  in  absolute  units  based  on  the  concen¬ 

tration  measurements  above o  Table  I  lists  the  cross  sections  obtained 
at  2.0  Mev  and  figo  4  shows  the  laboratory  and  center  of  mass  angular 
distributions  at  lo59  with  the  2o0  Mev  data  also  plottedo  •  ■ 


'Laboratory  Angle 

6 

450 

67-1/2^ 

90® 


It  appears  that  for  these  two  energies  the  differential  cross  sec¬ 
tions  are  quite  similar  in. value  for  the^  angular  range  in  which  measure- 
^  merits  .wf'^ re  madeo  The  values’  of  Crp„.]ii8^"" )  of  0.154  may  be  oompared  with 

<Tp...p(90'^  ^  “  0<,167^*  both  near  90^  In  center  of  mass  system^ 

•  It  is  obvious  from  the  data  that  in  the  angular  ra:tige  sho'wn  ;th.e 
differentj.al  cross  section  is  primarily  caused  by  nuclear  scattering. 

The  general  trend  with  angle  and  even  absolute  cro^ss '  section  is  rather 
similar^ to  that  found  in  p-d  scatte.ring^o  The  absolute  cross  sections 
are  p.robabI,y  good  to  only  about  10  per  cent,  the  relative  valuea  to  5 
per  cent  or  less.  A  more  detailed  ajad  precise  fevestigation  of  the  scat¬ 
tering  is  to  be  undertaken  in  the  near  future.  This  work  -will  be  greatly 
facilitated  by  the  higher  tritim  concentration  available 


TABLE  I 


Qen,ter  of  Mass  Angle 

cr  (  0)  in  Bams  per 

Unit  Soll,d  Angle 

50® 

0,325 

0.217 

86" 

0.189 

0.154 

109"'  30 ' 

■0,.145 

0.154 

The  Beaction  T3('p,n)Ee3 

The  fiducial  point  of  the  energy  scale  of  oot  Tan  de  Graaff  gener¬ 
ator  in  the  past  has  been  the  threshold  of  the  Li'(p;n)Be  reaction  ,  be¬ 
cause  the  extremely  sharp  rise  in  neutron  yield  allows  an  accurate  deter¬ 
mination  of  voltage  on  the  electrostatic  analyser  scale.  The  proton 
energy  of  this  threshold  has  been  assumed  to  be  I.860  Mev^  a  value  de- 
temined  by  the  Westinghouse  generator®  relative  to  presumably  known 
energies  at  certain  ^,7)  resonances  .  By  direct  measurement  on  a  curved 
plate  electrostatic  analyser  and  voltage  supply  Hanson  and  Benedict  found 
1.883  Jfev  for  the  same  thresholdi  a  value  of  I.889  i  0.004  was  also  ob¬ 
tained  in  this  laboratory  with  an  improved  analyser  and  voltage  supply**. 
The  existence  of  this  large  a  discrepancy  in  the  energy  scale  is  a  seri¬ 
ous  one  both  for  the  effect  on  neutron  energies  from,  endoergic  reactions 
and  even  more  so  for  the  whole  energy  scale  of  nuclear  physics. 

If  one  now  considers  the  system  of  reactions 

t3  -o  He3  +  i3  +15  kev 
t3  h©3  =  15  kev 

and  p  ■+  t3  -«•  He3  +  n  -  Q 

we  find  that  in  the  laboratory  system 

Ep  =  4/3  Q  =  4/3  I  (n-p)  -  (t3  -  He3)  |  . 

8  9 

Assuming  that  the  neutron-proton  mass  difference  is  755  kev  ’  ,  then  Ep  - 
986  kev  for  the  threshold  of  T3(p,n)He3.  This  shows  that  either  of  two 
things  may  be  done;  first,  if  the  energy  scale  were  very  precisely  known 
an  extremely  good  value  of  the  neutron-proton  mass  difference  could  be 
obtained  by  measTirihg  proton  energy  at  threshold  even  if  the  To-He8  mass 
difference* is  known  to  only  20  per  cent  or  so;  secondly,  one  may  assume 
that,  under  the  present  circumstances,  the  n-p  mass  difference  is  known 
as  well  as  the  energy  scale  and  in  this  way  calibrate  the  latter.  It 
was  in  this  way  that  we  redeteimiined  our  energy  scale,  the  primary  dif¬ 
ficulty  being,  for  our  target,  the  thickness  of  the  aluminum  window  at 
about  one  Mev.  Using  the  calculated  energy  loss  in  the  foil  at  one  Mev, 
185  kev,  it  appears  that  our  energy  scale  based  on  1.86  Mev  for  the  Li 
(p,n) Bet  threshold  is  about  25  kev  too  low,  but  if  I.89  Mev  is  used,  the 
observed  threshold  for  T3(p,n)He3  comes  to  990  kev,  which  is  about  cor¬ 
rect.  This  measurement  is  to  be  repeated  with  condensed  tritium  targets. 
At  present  the  best  determination  of  foil  thickness  is  obtained  by  as 
sumlng  the  energy  of  the  reaction  threshold  to  be  986  kev  and  an  energy 
scale  based  on  I.89  Mev  for  LiT(p,n)BeT, 


**Heib,  Snowden  and  Sala,  Bull.  Am.  Phys.  Soc.  23,  7  (4948)  report 
a  recent  and  precise  value  of  1.882  Mev  for  this  threshold. 
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Jig,  5  shows  the  differential  cross  section  for  the  reaction  ‘be”* 
tween  tlireshold  and  about  2.2  Mev  proton  energy  in  the  target  gas  for 
0^-  and  90®  in  the  laboratory  system.  The  neutron  yields  were  measured 
with  eight  inch  long- count ©rs^^  at  distances  of  two  meters  from  the 
source  in  order  that  ne^ar  threshold  no  effects  purely  due  to  geometry 
be  introducedo  The  long  “-counters  were  calibrated  with  a  standardized 
radlum-’beryllium  source  placed  at  the  target  posltiono  It  is  belioYed 
that  the  cross  sections  are  good  to  only  about  i  10  per  cent  over  most 
of  the  range  because  the  target  geometry  is  such  that;,  for  these  rela^- 
tively  low  energy  neutrons a  rather  large  amount  of  scattering  mate¬ 
rial  is  close  to  the  source  and  not  completely  S3nm0trically  disposed. 
E:2perience  with  measuring  angular  distributions  would  indicate  that 
the  zero  degree  data  may  be  as  much  as  10  per  cent  too  high  compared 
to  90^0  The  angular  distributions  are  to  be  repeated  in  detail  using 
a  target  assembly  with  a  minimum  of  scattering  .material  In  the  vicinity. 

The  advantages  of  T3(p^n)He3  as  a  monoenergetic  neutron  source 
are  apparent^  particularly  with  a  low  energy  machine .  With  the  present 
generator  capable  of  about  2.7  Mev^  neutrons  up  to  1.8  Mev  can  be  ob- 
•tained  while  only  about  one  Mev  neutrons  are  available  from  the  Li7(p^R)' 
raactiona  In  addition  to  thls^  the  cone^  of  neutrons  at  threshold 
has  60  kev  energy making  another  strong  neutron  cone  source  available  be¬ 
sides  the  30  her  neutrons  from  Li7(p^n)Be " which  is  very  important  for 
certain  types  of  e.’Kp)0riments .  It  should  be  pointed  out  that  the  cross 
sections  obtained  here  are  large  and  compare  favorably  indeed  with 
those  from  Li7(p^n)Ee7,  The  trend  of  the  yield  with  energy  indicates 
even  larger  yields  above  the  maximum  reached  here. 

It  is  not  useful  to  compare  center  of  mass  cross  sections  since 
90'®  in  the  laboratory  changes  continuousljr  with  energy  in  the  center 
of  mass  system.  As  a.n  example^,  however;?  at  ^  Mev 

0  -  0°  <!>:  o'" 

<r(0)=  O0O62  BamS;,  <r(4>)  =  0.  029 


6  :  90°  117® 

c-(0)=  O0O31.  cr(^)=  0.035 

indicating  a  rather  symmetric  distribution  in  the  center  of  the  miass 
system  which  is  home  out  by  preliMnary  angular  distributions  at  lo2;, 
1.5^  and  1.8  Mev.  The  peak  in  the  0®  cross  section  data  just  above 
threshold  is  probably  due  primarily  to  the  fact  that  up  to  Jp  ^  120  kev 
all  neutrons  lie  within  soma  cone  of  half -angle  less  than  90®  due  to 
center  of  mass  motion^  but  above  this  energy  they  suddenly  spread  out 
over  47?  solid'  angle  resulting  in  a  decrease  in  the  0®  yield.  A  very 
similar  phenomenon  i,s  observed  in  the  corresponding  lithium  reaction^ 
although  possibly  not  so  clean  cut.  It  will  be  noted  that  there  is  no 
90^^,  yield  until  just  at  the  turn  over  of  the  0®  curve. 
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One  can  feel  reasonably  certain  that  for  proton  energies  even  con- 
siderablj  larger  than  those  used  here^  the  neutrons  vill  remain  monoergiCo 
This  arises  from  the  "knowledge  that  the  neutrons  from  D(djn)E03  are  mono- 
ergic  at  least  up  to  2o5  Mey  deuteron  energy^  and  the  residual  nucleus  Ee3 
is  the  same  in  both  cases ^  meaning  that  no  excited  states  of  Se3  have  been 
obseryad  up  to  an  excitation  energy  of  oyer  20  Mey  for  the  compound  nu¬ 
cleus 

With  the  measurement  of  the  cross  section  of  the  inyerse  reaction 
Ee3(n^p)T3^  a  rather  good  check  of  the  principle  of  detailed  balance  . 
should  be  possible  o  Preparations  are  also  \mdervay  to  inyestigate  t3 
(p^y)Ee^;»  which  has  a  Q  of  approximately  I9  Mey  and  should  complete  the 
low  energy  proton  interactions  with  tritium <> 
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Figure  1.  Tritium  storage  and  gas>handling  system. 
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Figure  4.  Laboratory  and  center -of -mass  system  differential  cross  section  of  protons  scattered  from 
tritium. 
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Figure  5.  0*’  and  90**  laboratory  differential  cross  sections 
of  T^(p,n)He^  as  a  function  of  proton  energy. 
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